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Abstract

Insight

Atopic dermatitis (AD) is the most frequent cause of eczema and is associated with allergies, increased risk for skin infections, and high blood
serum IgE levels. Atopic dermatitis considerably overlaps with the clinical presentation of the Hyper IgE syndromes (HIES), a set of rare primary
immunodeficiencies. Especially in young children, diagnosis of HIES can be difficult considering that many characteristic signs of HIES, other
than eczema, only develop at a later stage. Early diagnosis is beneficial for managing HIES as it allows for early initiation of targeted treatment
and early consideration for hematopoietic stem cell transplantation. Thus, differentiating AD and HIES in young children is of considerable
importance. This article delineates the overlap and differences between AD and HIES, with a particular focus on the mechanisms behind pre-
dispositions to infections, that can help raise suspicion of HIES in patients presenting with AD-like eczema.
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condition that is most often caused by atopic dermatitis (AD)

[1]. AD often first presents in childhood, and many patients
outgrow it before adolescence [2]. In the Netherlands, the general
population prevalence is 3%, but for children between the ages of 0
and 10, the prevalence ranges from 6-12% [3]. AD is a chronic inflam-
matory skin disease and is likely caused by a combination of skin
barrier dysfunction, immune system dysfunction, and environmental
factors [2]. AD is associated with, among others, itching that causes
sleep interruptions, an increased risk of allergies, and an increased
risk of infections [2]. While AD can be challenging to manage in some
cases, the condition and its associated manifestations are generally
non-life-threatening [4]. However, the chronic eczema that is present
in AD can also be a symptom of a set of rare primary immunodefi-
ciency disorders (PIDs): the Hyper-IgE syndromes (HIES) [1]. PIDs are
inborn errors of the immune system, and, currently, more than 350
different disorders are recognised [5]. In the Netherlands, the five-
year incidence of PID is 6.8 in 100,000 [6]. Early diagnosis of a PID is
of the utmost importance for better management of the condition
and, in some cases, allows for life-saving haematopoietic stem cell
transplantation (HSCT) [7, 8]. While chronic eczema is a symptom of
many PIDs, HIES and severe AD can be especially hard to distinguish
due to overlap in clinical presentation [1, 9].

Dermatitis, also often referred to as eczema, is a very common

Currently, five types of HIES have been described, each with a dif-
ferent gene affected; STAT3, DOCK8, PGM3, CARD11, and ZNF431
[7]. STAT3 deficiency and DOCK8 deficiency are the most well-char-
acterised HIES; thus, this paper will primarily focus on these types
of HIES [7, 9]. The HIES are generally characterised by a triad of
AD-like eczema, elevated IgE levels, and recurrent infections [7].
Furthermore, other symptoms, such as skeletal and dental abnor-
malities, are associated with the condition, dependent on the type
of HIES [7]. Nevertheless, while the triad symptoms are incredibly
common in HIES patients, they are very unspecific and can especially
be confused with severe AD [9, 10]. Therefore, the triad symptoms
are unsuitable for the diagnosis of HIES [9]. The elevated IgE levels to
which the HIES thank their name are also highly prevalent in AD [11].
Furthermore, AD patients have an increased risk of infections [12, 13].
However, the difference in type and severity of the infections that are
to be expected in HIES versus those to be expected in AD can help
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distinguish these two diseases [9, 10]. The official diagnosis of HIES is
based on the National Institutes of Health HIES scoring system that
can successfully distinguish between HIES and AD in older children
[10]. However, this scoring system is not always successful at diagnos-
ing HIES in younger children, as many symptoms might only arise at a
later age [9]. HIES patients often have a considerably large diagnostic
delay; for example, in the Netherlands, diagnosis on average takes
10.5 years from the first presentation of symptoms [6]. Overall, a diag-
nostic delay is caused by a combination of the rarity of the condition,
the often nonspecific symptoms that are easily confused with AD,
and the specific symptoms only arising at a later age [9-11].

This review compares AD and HIES with a focus on their associated
infections and underlying disease mechanisms to help determine a
suspicion of HIES at a younger age, thereby improving early diagno-
sis. Additionally, differences in treatment between AD and HIES are
discussed.

Disease mechanism

The key to distinguishing AD from HIES is through understanding
the underlying mechanisms causing the infectious complications
in these conditions. Patients with AD have an increased chance of
skin infections, likely due to various risk factors associated with AD
[13]. Currently, the exact cause of AD is incompletely understood but
likely involves genetic factors, a dysfunctional immune response, and
environmental factors [14-16]. In AD, the combination of these three
factors can work together to impair many aspects of the defences of
the skin barrier leading to an increased risk of skin infections [2]. The
skin defends against infections through four main barriers: the phys-
ical barrier, the chemical barrier, the immunological barrier, and the
microbiome barrier [14]. In AD, there are many mechanisms through
which the skin barrier is thought to become impaired. A few of these
mechanisms will be further outlined.

The physical barrier of the skin consists of the stratum corneum (the
outermost layer of the skin) and the tight junctions between epithe-
lial cells [14]. When the physical skin barrier becomes dysfunctional,
for example due to genetic predisposition, the skin barrier will more
easily be penetrated by an allergen or irritant [2]. The allergens or
irritants, when processed by an antigen-presenting cell in the skin,
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can trigger Th2 cells to produce type two inflammatory cytokines
[2, 17]. This inflammatory response can, in turn, further damage the
physical skin barrier, worsening skin barrier degradation, and, addi-
tionally, can cause an impaired chemical barrier [14]. An essential
feature of the chemical barrier of the skin is secreted antimicrobial
peptides, which help prevent infection [18]. The type two inflam-
matory response contains IL-4 and IL-13, which have been shown
to cause a reduction of antimicrobial peptide production in the
skin, leading to an increased risk of skin infection [19, 20]. Not only
a defective skin barrier but likely also a change in the microbiome
can lead to inflammation in the skin. Skin affected by AD is very sus-
ceptible to colonisation by Staphylococcus aureus (S. aureus); a recent
meta-analysis found that 70% of AD patients carried S. aureus [21].
Superantigens produced by S. aureus can enhance type two inflam-
mation, causing a breakdown of the skin barrier and a reduction of
antimicrobial peptide secretion, which, in turn, further increases the
risk of infection [22].

Skin infections in AD are primarily bacterial infections with S. aureus,
but other infections occur as well [21]. While S. aureus can be found
on healthy skin, the combination of a dysfunctional skin barrier and
high rates of S. aureus colonisation likely predispose AD patients
to skin infections with S. aureus [23]. Furthermore, AD skin is more
susceptible to viral infection with the herpes simplex virus type 1
(HSV-1), which causes eczema herpeticum (EH) and is experienced by
3% of patients [24]. Exposure to HSV-1 is common, but only a small
subset of AD patients experience EH, indicating that other environ-
mental or host factors are necessary for the development of EH [24].
Finally, AD patients also have an increased risk for fungal infections of
the skin, likely caused by skin barrier defects, allowing usually harm-
less fungal species to colonise and cause infection [25].

Patients with HIES have a more generally increased risk of infections
because genetic mutations cause a dysfunctional immune system
[7]. HIES patients are highly susceptible to bacterial and fungal
infections, which will often be recurrent and difficult to treat [9]. In
both STAT3-HIES and DOCKS8-HIES, a combination of deficiencies
of Th17 cells and antibodies appear to be very important for this
susceptibility [7]. Th17 cells are a type of T-helper cells that, through
the secretion of IL-17 and IL-22, stimulate epithelial cells to secrete
chemokines and antimicrobial peptides [26, 27]. STAT3-HIES patients
have low Th17 cell counts, whereas DOCK8-HIES patients are sus-
pected of having malfunctioning Th17 cells [9]. This failure of innate
immunity in epithelial cells likely is the cause of increased suscep-
tibility to bacterial and fungal infections of the skin and airways
[9, 28]. Furthermore, HIES patients have a lack of high-affinity anti-
gen-specific antibodies [29, 30]. In STAT3-HIES patients, this might
be caused by reduced somatic hypermutation for several antibody
types leading to impaired affinity maturation, but reports remain
conflicting [29]. DOCK-HIES patients likely have a defective T-cell and
B-cell interaction, again leading to impaired affinity maturation [31,
32]. The lack of high-affinity antigen-specific antibodies means that
HIES patients have an impaired adaptive immune response, further
explaining the recurrency and severity of infections.

DOCKS8-HIES patients have also been shown to be more vulnerable
to viral infections of the skin; however, this is uncommon in STAT3-
HIES [30]. DOCKS8-HIES patients are thought to have defects in both
the innate and adaptive immune response to viruses. Firstly, natural
killer (NK) cells with suppressed DOCK8 show defective cytotoxicity
[33]. Secondly, DOCK8 deficient NK and T cells have a predisposition
to undergo cell death when migrating through tissue, likely limiting
the number of cytotoxic cells that could reach virally infected skin
[34]. Overall, the defective response of NK and T cells likely allows

for poor control of viral pathogens in patients with DOCK8-HIES [30].
Overall, both AD and HIES patients have an increased susceptibility
to infections; however, due to the differences in underlying physiopa-
thology, the type of infection, as well as the predominance of certain
pathogens, differ. Infectious complications in patients with AD are
usually limited to the skin and can be caused by bacteria, viruses,
and fungi [2]. In rare cases, usually in severe AD, a skin infection can
lead to systemic complications and hospitalisations [13]. A common
cause of systemic complications is EH, which can include encephalitis
and septic shock [35]. Furthermore, systemic complications from bac-
terial infections can include osteomyelitis and septic arthritis [13]. In
HIES patients, infectious complications of the skin are also common
[9, 10]. In STAT3-HIES patients, skin infections are usually caused by
bacteria or fungi, while in DOCK8-HIES patients, viral skin infections
are often found [9-11]. Importantly, and in contrast with AD patients,
the spectrum of infections seen in HIES patients is not limited to the
skin [30, 36]. While, like in AD, HIES patients are susceptible to skin
infections with S. aureus, HIES patients are also susceptible to invasive
S. aureus infections. Patients with HIES often experience infections
of the airways, including upper respiratory infections, pneumonia,
and bronchitis [30, 36]. Furthermore, infectious complications such
as osteomyelitis, internal abscesses, and sepsis are common [10, 30].
Thus, infection susceptibility in AD is linked to the damaged skin
barrier, and skin infections are expected, while in HIES infection sus-
ceptibility is linked to a dysfunctional immune system and infections
of both the skin and invasive infections, such as those affecting the
airways or bones, are expected.

Diagnosis

Multiple diagnostic criteria for AD are in use but involve a combi-
nation of the main feature of itchy skin with some minor features,
including a history of dry skin and a personal or family history of
allergies [37]. AD predisposes patients to skin infections and like-
ly also to some extracutaneous infections, such as ear infections
and urinary tract infections, although the mechanism behind this
remains unclear [38, 39]. Furthermore, AD is strongly associated with
the development of allergies, such as allergic rhinitis, asthma, and
food allergies [40]. Thus, the clinical presentation of AD includes not
only dermatitis but also infections and allergies. HIES patients have
a strong overlap in presentation with AD patients. Dermatitis, high
serum IgE levels, and a predisposition to skin infections are all seen
in both HIES and AD patients [9, 11, 13]. Furthermore, DOCK8-HIES
patients often present with allergies, but allergies are also strongly
associated with AD [11, 30, 40]. This strong overlap begs the question
of when to suspect HIES and refer the patient to a specialist.

There are several findings that should raise the suspicion of HIES in
a patient presenting with AD. In the case of STAT3-HIES, these are
often skeletal, dental, and connective tissue abnormalities [10]. These
clinical features present as bone fractures without apparent trauma,
pathological rendition of primary teeth, scoliosis, hyperextensible
joints, and characteristic facial features [7, 9, 10]. HIES patients are
also at increased risk for benign tumours and malignancy [9, 30].
Family history can also help identify HIES. Strong indicators are a fam-
ily history of HIES, unexplained family member death, and, especially
in DOCKS8-HIES, consanguinity [9, 10, 30]. Overall, these findings help
distinguish HIES from AD. However, young children might not yet
display skeletal, dental, and connective tissue findings or malignancy
[9]. Therefore, to identify HIES in young children, it is crucial to consid-
er infections as an indicator of HIES.

In patients with HIES, infections are known to be severe, recurrent,

and sometimes even life-threatening due to their impaired immune
system [7, 30]. Serious infectious complications such as internal
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abscesses and sepsis are common, and, considering the recurrent
feature of HIES, patients experience multiple infections per year,
often lasting for multiple weeks [10, 41]. As AD patients are suscep-
tible to skin infections, skin infections should only be considered an
indicator of HIES if associated with infectious complications or if they
are recurrent [9]. DOCKS8-HIES patients are particularly vulnerable to
viral skin infections, and, in contrast to AD, which is mainly associat-
ed with EH caused by HSV-1, DOCK8-HIES patients often experience
infections with a wide variety of viruses, including varicella-zoster,
molluscum contagiosum, and human papillomaviruses [11, 30, 43].
Thus, recurrent viral infections by multiple viruses are an indicator
of DOCKB8-HIES [30]. Furthermore, the HIES susceptibility to severe
and recurrent airway infections is not found in AD [38]. Thus, the
occurrence of multiple pulmonary infections per year that need
treatment with antibiotics is a good indicator of HIES [9-11]. In turn,
these recurrent pulmonary infections in HIES patients can lead to the
development of bronchiectasis [10, 43].

Overall, while AD patients are also at increased risk of skin infections,
infections that should raise suspicion of HIES include recurrent and
severe bacterial and fungal skin infections, recurrent invasive infec-
tions, and, in the case of DOCK8-HIES, recurrent and severe viral skin
infections. When children with AD-like eczema present with these
HIES infection patterns, a follow-up should take place where the
child is evaluated for other signs of HIES [9]. The National Institutes
of Health HIES scoring guideline followed by genetic testing can be
used to confirm a HIES diagnosis [7]. Thus, symptoms of AD and HIES
can overlap, but important indicators for HIES include recurrent and
invasive infections, skeletal, dental and soft tissue abnormalities,
malignancy, and family history (figure 1).

Treatment

Treatment of AD is focused on maintaining skin barrier function.
As transepidermal water loss is an essential aspect of skin barrier
dysfunction, patients with AD are recommended to hydrate and moi-
sturise their skin daily [4]. When regular hydration and moisturisation
fails to improve dermatitis, topical anti-inflammatory medications,
such as topical corticosteroids, can improve skin barrier functions [4].
Usually, bacterial infections and fungal infections are easily treated
with oral antibiotics and topical anti-fungal creams, respectively [2,
25]. Suspicion of eczema herpecticum should be quickly treated with
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Figure 1: Symptoms and complications of atopic dermatitis (AD), STAT3-HIES,
and DOCKS8-HIES. HIES = Hyper-IgE syndromes, EH = eczema herpeticum.

22

systemic anti-viral medication to prevent serious complications [35].
In cases of severe AD, where previously mentioned treatment has
failed to control severe dermatitis, phototherapy or systemic immu-
nosuppressants can be considered [4].

Management of HIES focuses on the prevention and treating of
infections. Prophylaxis treatment with anti-bacterial, anti-viral, and
anti-fungal medication can help prevent these infections [9, 30].
Additionally, an HSCT treatment can be recommended as high mor-
bidity and mortality are associated with the condition [30]. However,
HSCTs necessitate the availability of a suitable donor and are not wit-
hout risks, meaning this treatment is not always a viable option and
must be carefully considered [30]. Initial reports of HSCT in STAT3-
HIES patients were doubtful about its effectiveness as no reduction
of IgE levels took place [44]. However, a recent long-term follow up
found that HSCT in all eight STAT3-HIES patients greatly reduced
infections and even completely abolished skin infections [45]. The
effectiveness of HSCT in DOCK8-HIES patients has been reported in
many case reports and, recently, in a larger retrospective study of 71
patients by Aydin et al. [44-46]. Patients were found to have improved
or abolished eczema (99%) and greatly reduced or abolished pulmo-
nary infections (93%) [46].

Diagnosing HIES at a young age is incredibly important, as it not
only allows prophylaxis initiation and quick treatment of infections
to help prevent long-lasting damage but also allows for the conside-
ration of treatment with an HSCT at a young age. Performing HSCT
at a young age means that the patient is less likely to have already
developed long-lasting damage from previous infections or to have
developed malignancy [41]. Furthermore, a case report of HSCT in
two siblings with DOCK8-HIES found that the patient who received
an HSCT at eight months old had more improved symptoms than
the patients who received an HSCT at eight years old, indicating that
perhaps transplantation at a young age is beneficial for HIES patients
[9]. However, an ideal age range for HSCT in DOCK8-HIES patients
could not be determined by Aydin et al. and likely requires analysis
of much larger patient groups [46].

Conclusion

All in all, while AD and HIES have significant overlap in their clinical
presentation, there are several observations that should raise suspi-
cion of HIES. At a young age, primarily frequent and severe infections
of the skin and airways set apart the more strongly immunological
compromised HIES patient from the AD patient. Early diagnosis of
HIES is crucial as it allows for screening for infection, initiation of
prophylaxis, and consideration of HSCT, which can greatly reduce the
morbidity and mortality associated with these conditions.
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